The leaf oils of four species of Cryptocarya, endemic to Australia, were examined. These species are known colloquially as 'coconut laurels' due to the purported distinctive aroma from the crushed foliage. C. cocosoides produced an oil in which bicyclogermacrene (3-26%), spathulenol (16-47%), massoia lactone (6-pentyl-5,6-dihydro-2H-pyran-2-one) (11-15%), (6-heptyl-5,6-dihydro-2H-pyran-2-one (0.3-3%) and benzyl benzoate (0.2-5%) were the principal components. C. cunninghamii showed a second chemotype to that previously published, with benzyl benzoate (80.2%) being the principal component. C. bellendenkerana gave a leaf oil in which the major components were the terpenes limonene (8.3%), -phellandrene (11.8%) and viridiflorene (9.1%). The principal components of the leaf oil of C. lividula were bicyclogermacrene (26.1%), spathulenol (21.1%) and -eudesmol (6.1%). Benzaldehyde and acetophenone were both present in amounts of less than 0.7%. Only C. cocosoides and C. cunninghamii have been found to have a 'coconut' aroma mainly due to the presence of massoia lactone and homologues.
The genus Cryptocarya R.Br. (Lauraceae) comprises between 250 and 350 species worldwide depending on its circumscription, with species widespread in tropical and subtropical parts of Africa, Asia, Malesia, Australia, Melanesia and South America [1, 2] . Some 47 species occur in Australia, nearly all of them on the east coast, with the exception of C. cunninghamii Meissner and C. exfoliata Allen that extend to the Northern Territory and Western Australia. Cryptocarya species are invariably trees or shrubs, and usually occur in rainforest or vinethicket communities. Many are major canopy trees and form a significant part of the overstorey in well developed, tall rainforest. All species of Cryptocarya have oil in the leaves and stems, and produce an essential oil when steam distilled. However, there are a number of species that are distinctive in the possession of a pleasantly aromatic aroma in the leaves and/or stems, reminiscent of 'coconut'. This group of 'coconut laurels' was considered by Hyland & Whiffin [3] to comprise the species C. bellendenkerana B.Hyland, C. cocosoides B.Hyland, C. cunninghamii and C. lividula B.Hyland.
We have previously described the leaf essential oil of C. cunninghamii and found that it was composed primarily of either bicyclogermacrene or 6-nonyl-5,6-dihydro-2H-pyran-2-one, depending on provenance [4] . In the current paper we examine the leaf essential oil of the other three Australian 'coconut' laurels, as well as an additional collection of C. cunninghamii. Brief notes are given here on each of the four species.
C. bellendenkerana is endemic to the 'Wet Tropics' bioregion of north-eastern Queensland with a number of disjunct populations. The species has a northern limit at Mt Finnigan (15º 49'S) and a southern limit at Mt Bellenden Ker (17º 15'S). It is a shrub or small tree up to 7 m tall and grows in simple microphyll mossforest on granite, on the crests of ridges at altitudes between 1000 and 1560 m. The crushed foliage of this species is not particularly aromatic.
C. cocosoides is also endemic to the 'Wet Tropics' bioregion of north-eastern Queensland, but has a more continuous series of populations than C. bellendenkerana with a northern limit at Davies Creek (16º 55'S) and a southern limit at State Forest 605 (17º 55'S). It is a tall canopy tree up to 25 m tall and grows in complex notophyll vineforest on basalt or granite substrates, generally at altitudes between 500 and 1100 m. The crushed foliage and wood is strongly aromatic with a scent reminiscent of 'coconut', although one collector noted that it resembled 'coconut and limes'.
C. cunninghamii is the most widespread of these four species, with a broad distribution in northern tropical Australia in the 'Kimberley' of Western Australia, the 'Top End' of the Northern Territory and northern Queensland from Albany Island (10º 43'S) in the north, to Hinchinbrook Island in the south (18º 25'S). Hyland [1] thought that it also extended into New Guinea. It is a shrub or tree up to 25 m tall and grows in lowland (below 200 m altitude) complex notophyll vineforest. The foliage and wood are notable for the strong 'coconut' aroma. Further notes are given in Brophy et al. [4] .
C. lividula is also endemic to the 'Wet Tropics' bioregion in northeastern Queensland and has been recorded from Mt Hartley (15º 45'S) in the north, to the Cardwell Range (18º 13'S) in the south. It is a large canopy tree up to 20 m tall and grows in complex notophyll or mesophyll vineforest on a variety of substrates (granite, granodiorite, metamorphics and rhyolite) at In spite of the relatively large number of Cryptocarya species known, little work on the leaf oils of the genus has been reported. The leaf oil of C. mandioccana showed the main compounds being -caryophyllene, spathulenol, caryophyllene oxide, -cadinene, germacrene-D, benzaldehyde and bicyclogermacrene.
Three distinct groupings could be determined within the oils compositions [5] .
Four species of Cryptocarya, endemic to the Brazilian Atlantic rainforests, were examined by Marcelo et al. [6] . C. moschata produced a monoterpene oil with linalool, -terpinene and -terpinene as major compounds. C. botethensis gave a leaf oil in which -pinene, -pinene and trans-verbenol were the major components, while in C. saligna germacrene-D, bicyclogermacrene and spathulenol predominated. They also investigated C. mandioccana and obtained similar results to Telesciea et al. [5] .
The leaf oil of C. cunninghamii has been investigated and found to be variable, with either bicyclogermacrene or 6-nonyl-5,6-dihydro-1H-pyran-2-one (and two other homologues) as principal components [4] . C. alba has also been investigated and found to give a complicated, principally terpenic, oil in which 71 compounds were identified, the principal component being terpinen-4-ol [7] . Naves et al. investigated the leaf oil of C. moschata and C. aschersoniana. C. aschersoniana oil contained myrcene, 1,8-cineole, (+)-linalool and the two stereoisomeric linalool oxides, while C. moschatum contained (S)-linalool as its major constituent [8] .
The component that is most commonly associated with Cryptocarya is that derived from C. massoia bark, viz. massoia lactone (6-pentyl-5,6-dihydro-1H-pyran-2-one), which has a pleasant peach/coconut smell. This compound (together with its 6-heptyl-homologue) has previously only been obtained from the bark and heartwood of this species [9] [10] [11] . Strangely, it has also been identified, together with minor amounts of its 6-heptyl homologue, from the mandibular glands of two species of Australian formicine ants of the genus Camponotus [12] . We report here an analysis of the leaf oils of Cryptocarya bellendenkerana, C. lividula and C. cocosoides, together with a further analysis of the leaf oil of C. cunninghamii, which, despite Hyland's naming them as 'coconut laurels', do not all smell as such. The principal terpenoid components identified in the leaf oil of C. cocosoides were bicyclogermacrene (3-26%) and spathulenol (16-47%). These were accompanied by lesser amounts of the monoterpenes linalool (1-2%), neral (1-6%) and geranial (1-6%). Other sesquiterpenes were not very prevalent in the oil of this species, with the compounds identified in amounts greater than 1% being epicubenol (0.2-3%), globulol (1-3%), -copaene (1-2%) and viridiflorol (1-3%). Of more interest, however, was the presence in the oil of several lactones and aromatic compounds. Massoia lactone (6-pentyl-5,6-dihydro-2H-pyran-2-one) (11-15%) and 6heptyl-5,6-dihydro-2H-pyran-2-one (0.3-3%), together with benzyl benzoate (0.2-5%) and an unknown aromatic compound, MW 196 (0.4-2%), were identified in the leaf oil. A third lactone, thought to be 6-nonyl-5,6-dihydro-2H-pyran-2-one (trace) was also identified in this oil. This leaf oil had a coconut-peach smell about it. The oil yield (% w/w, fresh leaf) was 0.1%. A complete list of the compounds identified in the oil is given in Table 1 .
A further collection of C. cunninghamii was made because of the lack of smell from the leaves of this specimen. Analysis of the leaf oil from this specimen showed the presence of benzyl benzoate (80.2%), phenylethyl benzoate (1%) and methyl benzoate (trace). There were lesser amounts of the two furanoid linalool oxides (4.1 and 3.6%, respectively) and linalool (4.5%). Lesser amounts of caryophyllene oxide and spathulenol (1.3 and 1.2%, respectively) were also present. A complete list of compounds identified in this oil is given in Table 1 . The oil yield (% w/w, fresh leaf) was 0.2-1.7%). The oil of this chemotype of the species had very little odor, unlike the previously reported chemotype which contained massoia lactone and its homologues [4] .
C. bellendenkerana, despite it being classified as one of the 'coconut laurels', yielded a leaf oil that was not particularly odorous.
The principal compounds were the monoterpenes -pinene (4.2%), limonene (8.3%), -phellandrene (11.8%) and p-cymene (4.5%). There were also lesser amounts of camphene (2.4%) and myrcene (2.1%). Sesquiterpenes were numerous but mostly not in large amounts, with the major components being viridiflorene (9.1%), E--farnesene, -copaene, and -selinene, -cadinene, bicyclogermacrene, calamenene, cubeban-11-ol and an unidentified alcohol (C 15 H 24 O), all in the range (1-3.5%). The oil yield (% w/w, fresh leaf) was 0.2%. A list of the compounds identified in the leaf oil is given in Table 1 .
The principal components of the leaf oil of C. lividula, which had little odor, were bicyclogermacrene (26.1%) and spathulenol (21.1%). Other sesquiterpenes identified in the oil included -eudesmol (6.1%), trans-calamenene (2.1%), viridiflorene (1.4%), aromadendrene (1.1%), epicubenol (2.5%), globulol (2.8%) and viridiflorol (1.4%). Monoterpenes, while present, did not contribute much to the overall oil. The principal components identified were p-cymene (11.3%), borneol (1%) and linalool (1%). Benzaldehyde and acetophenone were also present in amounts of <0.7%. The oil yield (% w/w, fresh leaf) was 0.04-0.1%. A list of the compounds identified in the oil is given in Table 1 .
The four species encountered here fall into two groups, as far as their leaf oils are concerned. Two species, C. lividula and C. bellendenkerana, produce terpenoid oils, and two, C. cunninghamii and C. cocosoides, produce leaf oils containing ,-unsaturated -lactones related to massoia lactone and/or aromatic esters.
The leaf oils from C. lividula and C. bellendenkerana, both solely terpenoid oils, are similar to some of the leaf oils previously reported from this genus [5] [6] [7] [8] . The leaf oils from the other two species, C. cunninghamii and C. cocosoides, differ in that some chemotypes contain ,-unsaturated -lactones in their leaf oils.
Although only observed in C. cocosoides in this study, chemotypes of both C. cunninghamii [4] and C. cocosoides contain a mixture of 6-pentyl-5,6-dihydro-2H-pyran-2-one (massoia lactone), 6-heptyl-5,6-dihydro-2H-pyran-2-one and 6-nonyl-5,6-dihydro-2H-pyran-2one, with peach/coconut odors. Both of these latter species also contain benzoate esters in their leaf oils, sometimes in very large amounts. This sets them apart from the rest of the species of Cryptocarya so far examined. The fact that the oils have been obtained from the leaf, though in some cases in small yield, leads to the possibility of the appropriate chemotype being harvested on a regular basis to provide those oils commercially.
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Experimental

Isolation of oils:
Oils were isolated by steam distillation with cohobation of leaves and terminal branchlets for 6 h. The oils so obtained were dissolved in n-pentane, dried with anhydrous magnesium sulfate and the solvent allowed to evaporate at room temperature. The oils were kept in the dark at 5°C and analyzed as soon as practical following isolation.
Identification of components:
Analytical gas chromatography (GC) was carried out on a Shimadzu GC17A gas chromatograph with a column of DB-Wax (60 m x 0.25 mm x 0.5 m), which was programmed from 50 -220ºC at 3ºC/min with helium as the carrier gas. Injector and detector were both 220ºC. GC integrations were performed on a SMAD electronic integrator. GCMS was carried out on either of 2 instruments. The first was a VG Quattro mass spectrometer operating at 70 eV ionization energy. The GC column used was a DB-Wax (60 m x 0.32 mm x 0.25 m) programmed from 35 to 220ºC at 3ºC/min with helium as the carrier gas. Injector temperature was 220°C. The second was a Shimadzu GCMS-QP5000 mass spectrometer operating at 70 eV ionization energy. The GC column used in this case was a DB-5 column, 30 m x 0.25 mm x 0.25 µm, programmed from 35 to 250°C at 5°C/min, with helium as carrier gas and injector temperature 250°C and ion source temperature 220°C. Mass spectra were recorded in electron impact (EI) mode at 70 eV, scanning the 41-450 m/z range. Interface and source temperature were 250ºC and 220ºC, respectively, with 1 scan/sec cycle time. Compounds were identified by their GC retention time and Retention Indices relative to n-alkanes [13] [14] [15] [16] [17] [18] [19] [20] and by comparison of their mass spectra with either known compounds or published spectra [19, [21] [22] [23] [24] .
